Pınar Nercis Koşar, Enver Necip K€ oseo glu, MD, Sema H€ uc€ umeno glu Objectives-The aim of this study was to evaluate any association between histological grade, molecular subtypes of breast cancer, and strain elastography, and to investigate whether microcalcification affects the stiffness of tumor in breast cancers with the same histological grade.
B
reast cancer is a heterogeneous disease with different histopathological features, responses to therapy, and prognoses. Histopathological characteristics of tumors are used to plan the treatment of breast cancer and predict prognosis. [1] [2] [3] Radiological imaging has a major role in the diagnosis, staging, and treatment of breast cancer, 4 and it may also be useful to estimate molecular subtypes and histological grades of patients with breast cancer for guiding therapy. 5, 6 Strain elastography (SE), requiring quasi-static methods such as manual compression or cardiovascular/respiratory pulsation, can be performed during routine breast ultrasound examinations. This novel method provides real-time measurements of tissue stiffness and helps to characterize breast lesions. 7 Sonoelastography can differentiate benign and malignant breast lesions, 8, 9 and can give an idea of histological features according to recent studies. [10] [11] [12] However, there are controversial results about the association between histopathological features and sonoelastography. Although some studies have claimed that different histological grades and immunohistochemical findings show differences in stiffness, 10, 13, 14 others have found no difference in all grades and varied histopathological findings. 11, 15, 16 This could be the result of differing sample sizes of the groups and different techniques and interpretation of the classification in ultrasound elastography, including strain and shear wave elastography or color pattern diagnosis, strain ratio of the target lesion, and tissue elasticity. Furthermore, the presence of calcification may be another factor affecting stiffness in breast cancer. In a recent study, Gregory et al found that large isolated macrocalcifications and highly concentrated clusters of microcalcifications showed higher stiffness in benign breast masses. 17 The aim of this study was to evaluate any association among histological grade, molecular subtypes of breast cancer and SE, and to investigate whether microcalcification affects the stiffness of tumor in breast cancers with the same histological grade.
Materials and Methods

Patients
The study was approved by the local institutional ethics committee. All patients gave written, informed consent. This prospective study was performed between April 2015 and March 2016 on 94 lesions of 94 patients (mean age: 54.4 6 12.6 years) with the diagnosis of invasive ductal carcinoma (IDC). Diagnosis with ductal carcinoma in situ and other breast malignancies except IDC were excluded. All patients underwent mammography, ultrasonography examination with elastography, and ultrasonography-guided biopsy (Figure 1 ).
Imaging
The mammography examination was performed with a Giotto digital mammography system (IMS, Bologna, Italy), obtaining two standard images including craniocaudal and mediolateral oblique. All images were evaluated on a workstation for the presence of microcalcification in lesions.
For the breast sonography examination, a Hitachi High-Vision Preirus scanner with software for SE (Hitachi Medical Corp, Tokyo, Japan) was used with a linear transducer (50 mm, 13-6 MHz). During gray scale ultrasonography, the distance of the lesion from the skin surface and lesion sizes (length, width) were measured, then SE was performed. Strain ratio (SR) (lesion to fat ratio) was used as a semiquantitative method of assessing stiffness. The ratio of the strain in a mass to the strain in subcutaneous fat provides an evaluation of how much stiffer a mass is compared with fat. 7 The regions of interest for the reference fat were positioned with subcutaneous fat, which was close to the target lesion. It was limited to fat that did not contain fibroglandular breast tissue. The depth gap between the reference fat position and target lesion was less than 7 mm in all cases. Three consecutive measurements of SR were obtained, and the mean value was calculated and used for the statistical analysis. Radiological examination was performed by three radiologists with 4 to 10 years of experience in breast imaging and at least 2 years of experience in SE (G.D., P.S. € O., T.D.). All lesions were classified according to the American College of Radiology Breast Imaging-Reporting and Data System sonography classification system.
Following all of the radiological examinations, 14-gauge core biopsy specimens were obtained from all of the lesions.
Pathology Examination
Specimens for light microscopy were fixed in 10% buffered formalin for 24 hours at room temperature, then embedded in paraffin. Radial sections of 4-mm thickness were cut and stained with hematoxylin and eosin.
Immunohistochemical Examination
Sections of 4-mm thickness were cut, mounted, on poly-L-lysine-coated slides (Sigma-Aldrich Corp, St. Louis, MO) and were stained with antibodies raised against estrogen receptor (ER), progesterone receptor (PR), cerbB2, and Ki-67 using a Leica Bond Max automated immunostainer (Leica Biosystems Inc, Buffalo Grove, IL) for secondary visualization. Antibody detection was performed using a biotinylated secondary antibody and 3,3'-diaminobenzidine (Sigma-Aldrich). The slides were observed under an Olympus Imager BX51 (Olympus Optical Co, Ltd, Tokyo, Japan) microscope.
Microscopic Examination
Modified Bloom Richardson scoring was used for the tumor grading. C-erbB2 expression pattern was assessed according to the 2013 College of American Pathologists guidelines.
Tumors were classified into luminal A, luminal B, HER2, and basal-like subtypes based on the level of Ki-67 expression and hormone status. Luminal A tumors have ER and PR positivity. They are c-erbB2 negative tumors with a low mitotic rate and a low Ki-67 proliferation index, which have a better prognosis than other types. Luminal B tumors are ER and PR positive tumors. C-erbB2 may be negative or positive in these tumors, and the Ki-67 proliferation index is higher than in Luminal A tumors. In the HER2 group, HER2 is positive but ER and PR are negative, and they have a worse prognosis. In the basal-like group, the ER, PR, and HER2 are negative. They show basal cytokeratin positivity; and although not all, some have a worse prognosis.
Statistical Analysis
Descriptive statistics were expressed as mean 6 standard deviation or median (min-max) according to the assumption of normal distribution. Numerical variables were evaluated for normality of data distribution using the Kolmogorov-Smirnov test. One-way analysis of variance was performed to compare the differences among groups. Tukey's HSD was used as a post hoc test if significance was detected among groups. The difference between two groups was evaluated using the Mann-Whitney U test. Correlations among variables were evaluated using Spearman's rank correlation coefficient. The intraclass correlation coefficient was used to determine intra-observer reliability. A value of P < .05 was accepted as statistically significant. Data analysis was performed using SPSS Statistics 21.0 software package (IBM Corp, Armonk, NY).
Results
The descriptive and histopathological characteristics of the 94 cancers are presented in Table 1 . In the current study, the data from 94 lesions in 94 patients with a mean age of 54.4 years (range, 32-82 years) were evaluated. The mean lesion size was 15.9 6 7.4 mm (range, 5.75-42 mm). The mean distance of the lesion from the skin surface was 8.3 6 3.2 mm (range, 3-18 mm). Correlation analysis was performed among SR and mean lesion size, mean distance of lesion to skin surface, and patient age. Although there was no correlation between SR and age, or the mean lesion size (P > .05), there was a positive correlation between the mean distance of the lesion from the skin surface and SR (P 5 .007). Intra-observer reliability was good in all of the SR measurements. The intraclass correlation coefficient for the observers was determined as 0.950, 0.924, and 0.836 for G.D., P.S. € O. and T.D., respectively (P < .001 for all values).
Compared with Grade 1 (20.5 6 4.1) and Grade 2 (23.7 6 5.7), Grade 3 (11.7 6 5.1) showed lower SR (Grade 3-2, P 5 .01; Grade 3-1, P 5 .2) (Figure 2, A-D) .
In molecular subtypes, luminal A (21.2 6 6.1) and B (22.2 6 6.7) demonstrated higher SR, whereas HER2 (18.9 6 5.9) and basal-like (16.2 6 4.9) had lower SR (P > .05 for all group comparisons).
All histological grades were divided into two groups according to the presence of microcalcification. When all of the groups were compared with each other, the groups with microcalcification showed slightly higher SR in all histological grades (for Grade 1: present 5 21. 
Discussion
The results of the current study demonstrated that Grade 3 IDCs differed from other grades with lower SR values. There are controversial results about the association between histological grade and elastography. Although some studies have found no relationship between histological features and elasticity, 11, 15, 16 Lee at al claimed that histological Grade 3 cancers show higher stiffness than other grades as a result of higher tumor cellularity.
14 In contrast, Dominkowic et al suggested that triple negative breast cancers, which have a higher histological grade, 18 demonstrate benign morphological features with softer values on shear wave elastography. 13 Similar to the results of the latter study, lower SR values were determined in Grade 3 histological subtype in the current study. High-grade cancers are known to show less stromal reaction and be more cellular and soft and may have necrotic areas, whereas lower grades are stiff with higher stromal reaction and relatively larger amounts of desmoplasia, which results in spicules and perilesional hyperechoic halo. [19] [20] [21] Several studies have found a correlation between elasticity and the degree of fibrosis in chronic liver disease and solid tumors. 22, 23 Chamming et al also found that necrosis, which is seen more in higher grades, is correlated with softness. 23 In the current study, lower SR values in Grade 3 IDCs can also be explained by lower fibrosis and higher necrosis. However, softness in higher grades can result in false negative results, as was shown in a recent study. 24 Higher-grade tumors also cause false negative results with disparate gray scale ultrasound findings, including circumscribed margins and posterior acoustic enhancement. 6 Therefore, evaluating the patient with all findings including conventional ultrasound, mammography, and clinical findings is indispensable for accurate diagnosis of possible false-negative results in higher-grade IDCs.
However, SE can still help to differentiate Grade 3 IDCs from benign masses. Nevertheless, the mean SR value in the current study appears to be considerably higher than in benign masses such as fibroadenomas, compared with previous studies, although no comparison was made between benign and malignant lesions. [25] [26] [27] In molecular subtypes, luminal A and B demonstrated higher SR, whereas HER2 and basal-like had lower SR, although not of statistical significance. Even though hormone receptor-positive tumor subtypes are luminal A and luminal B, hormone receptor-negative tumors are HER2 and basal-like. Eighty to 90% of triplenegative breast cancers are basal-like breast cancers, 28 and are likely to be higher histological grades. 18, 29 However, luminal A and B show lower histological grades. 30 Therefore, higher SR values in luminal types than in basal-like and HER2 can be explained with the similar reasons of fewer cellular and necrotic areas, and more stromal reaction in lower grades. The lack of statistical significance may have been the result of the relatively small sample sizes of the groups. It could also be that histological grades affect the stiffness more than molecular subtypes.
Microcalcifications can also affect elasticity in breast lesions. A recent study claimed that benign microcalcifications show a significantly lower elasticity score (softer) than malignant microcalcifications. 31 Berg et al also claimed that the presence of microcalcifications was associated with higher stiffness in breast cancer. 32 However, in the current study, although breast cancer with microcalcification showed slightly higher SR values in all grades, it did not reach statistical significance, and microcalcification appeared to have no significant effect on stiffness as histological grade does in breast cancer. This result may have been a consequence of the amount of microcalcification. It was suggested by Gregory et al that highly concentrated microcalcifications can influence stiffness more than low concentrations. 17 Finally, correlation analysis showed no correlation between SR and age, or the mean lesion size, whereas a positive correlation was determined between the mean distance of the lesion from the skin surface and SR. Previous studies have also not shown any relationship between age and elasticity. 24, 33 Similar to the results of previous studies, 33, 34 lesion depth was determined to be a significant factor, which can change the elasticity scores. Associations between stiffness and lesion size remain controversial, with some authors claiming that lesion size does not influence the elasticity, 35 whereas others have reported that greater lesion size is associated with higher stiffness and false positive elastography results. 16, 34 There were some limitations to the present study. The major limitation of the study was the relatively small sample sizes of the groups-especially the group of Grade 1. The lack of statistical significance of some results could have been the result of small sample sizes. Second, the study was performed according to the results of core biopsy specimens as a result of neoadjuvant chemotherapy before excision for some patients. Core biopsy reflects a small sample size of a tumor, although tumor grade agreement between core biopsy and excision has been found to be high in previous studies. 36 Finally, only invasive ductal carcinomas were included, and any patients with the diagnosis of ductal carcinoma in situ, or other histological types of malignant and benign lesions, were excluded.
In conclusion, Grade 3 IDCs are different from other grades with lower SR values. The presence of microcalcifications and molecular subtypes do not affect elasticity in the same way as high histological grades. Further investigations consisting of larger patient groups would give a more comprehensive understanding of the histopathological features and the effects of microcalcifications on breast elasticity.
